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' [Abstract]

PROBLEM TO BE SOLVED: To improve the degree of contact of a columnar resin

pattern to a substrate and to prevent short circuiting ‘between upper and lower

substrates.
SOLUTION: A color filter pattern 5 is formed on a TFT array substrate 13, and a
switching active element 4 is brought into contact with a pixel electrode disposed

on the color filter pattern 5 through a contact hole 12. In this structure, a columnar
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resin pattern 17 for forming a panel gap is formed on the contact hole 12 by using
resin having conductivi.ty,-the upper face of the columnar resin pattern 17 is covered
with an insuléting coating, and the piXel electrode is formed, in contact with the
célumnar resin pattern 17. As a result of this method, the pixel electrode can be
formed after the columnar resin pattern 17 having conductivity is formed on the
contact hole part, and this prelvents peeling of the columnar resin pattern 17 and

improves the adhesion degree to the substrate.
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[Claim(s)]

[Claim ‘1] A LCD apparatus of TFT arfay type, wherein a resin layer is forméd
on a 'fFT array substrate oﬁ which é_ switching active element for driving a pixel
electrode is formed, the .switching active element are contacted to a ‘contact hole
formed on the resin layer with thg contact hole formed on the reéin layer being
sandwiéhed therebetween, liquid crystal is injected into a panel gap between the 
TFT array substrate and an opposing facing the TFT array éubstrat_e, and the panel

gap is sealed, is characterized in that the cylinder-shaped resin pattefn having

- conductivity for forming the panel gap is formed on the contact hole, and the pixel

electrode is formed to be in contact with the cylinder-shaped resin pattern.

[Claim 2] The LCD apparatus of TFT array type of Claim 1, wherein an
opposing electrode is formed on the opposing substrate and-a surface of the
cylinder-shaped resin pattern is coated by insulating, thereby insulating the

opposing electrode.

[Claim 3] The LCD apparatus of TFT array type of Claim 2, wherein the resin
layer is a color filter péttern. and a surface of the cylinder-shaped resin pattern is
covered with a plurality of color layers of monochrome for forming a color filter

pattern.
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[Claim 4] The LCD apparatus of TFT array type of Claim 3, wherein the lower
limit of volume specific resistance value for forming the color filter pattern is 108Q -
cm.

[Claim 5] The LCD apparatus of TFT array type of Claim 1, wherein the pixel-

electrode is not superimposed on the surface of the cylinder-shaped resin pattern

and is not superimposed on the side of the cylinder-shaped resin pattern.

‘[Claim 6] The LCD apparatus of TFT array type of Claim 1, wherein the lower

limit of (the diameter of bottom side of the cylinder-shaped resin pattern, or the
distance of diagonal line) - (the diameter of a surface of the cylinder-shaped resin

pattern, or the distance of diagonal line) is 5 pm.

[Claim 7] The LCD apparatus of TFT array type as set forth in any one of

Claims 1 to 5, wherein an orientation process is performed by optical orientation.

-[Cléim 8] A manufacturing method of LCD apparatus is. characterized in that a

resin layer is formed on a TFT arra)./ substrate on which a switching active élement
for driving a pixel electrode is formed, a panél gap between the TFT array substrate
and another TFT array substrate facing the other is formed as a resin having
conductivity on the contact hole formed on the resin layer, a sgrface of the cylinder-

shaped resin pattern is coated by insulating, a pixel electrode is formed, and the
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switching active element and the pixel electrode are in contact with the i:ylinder—

shaped resin pattern is formed therebetween.

[Claim 9] A manufacturing method of a LCD apparatus of a color filter on TFT
afray type, wherein a color filter pattern is formed on a TFT array substrate on
which a switching active element for driving a pixel electrode is formed, and a pixel

electrode is formed on the color filter pattern, comprising:

a step for forming a cylinder-shaped resin pattern for forming a panel gap between
tﬁe TFT array substrate and another TFT array substrate facing the other TFT array
substrate as a resin having conductivity, on the contact portion between the

switching active element and the pixel electrode,

a étep for forming a matrix pattern of an insulating shading resin so that it is
superimposed on the surface of the cylinder-shaped resin pattern and is not

superimposed on the side of the cylinder-shaped resin pattern,

_é step for forming a -color filter pattern by supplyihg coloring resist liquid to the

pdrtions except said matrix pattern, and

a step for contacting the switching active element and the pixel electrode with the

cylinder-shaped resin pattern being formed therebetween.

~ [Claim 1.0] The manufacturing method of LCD apparatus of Claim 9, wherein
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the supplying method of colofing resist liquid is a dropping by a syringe.

[Claim 11] The manufacturing method of LCD apparatus of Claim 9, wherein

the supplying method of coloring resist liquid is an injection of liquid dropping.

[Claim 12] The manufactufing method of LCD apparatus of Claim 9, wherein
the relationship of (the layer thickness of an‘insulating shading cylinder-shaped

resin pattern) < (the layer thickness of the cylinder-shaped resin pattei'n) is

"satisfied.

[Cléim 13] The manufacturing method of LCD apparatus of Claim 9, wherein
the insulating shading cylinder-shaped resin pattern covers the switching active

element on the TFT array substrate.

[Claim 14] - The manufacturing method of LCD apparatus of Claim 9, wherein
the lower limit of volume specific resistance value of the insulating shading cylinder-

shaped resin pattern is 108Q/cm.

[Claim 15] The manufacturing method of LCD apparatus of Claim 9, wherein
the lower limit of OD value of the insulating shading cylinder-shaped resin pattern is

above 2.0.

- [Claim 16] The manufacturing method of LCD apparatus of Clairﬁ 9, wherein

the pixel electrode is not superimposed on the surface of the cylinder-shaped resin



pattern and is not superimposed on the side of the cylinder-shaped resin pattern.

[Claim 17] An image dispiay application device having a LCD apparatus set

forth in any one of Claims 1 to 7.
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[Title of the Invention]

LCD APPARATUS AND MANUFACTURING METHOD THEREOF, AND IMAGE

DISPLAY APPLICATION DEVICE

[Detailed Description of the Invention]

[Field of the Invention]

The present invention is related to a LCD apparatus and manufacturing

method thereof, and an image display application device.

[Description of the Prior Art]

A LCD apparatus is a major display device, and in pérticular is used widely
in the fields in which a small size and a light weight are required. As is shown in
FIG. 5, a LCD apparatus is formed by sealing the liquid crystal 8 between a color
filter substrate 10 on which a coior filter pattern 5 and a black matrix 6 are fofﬁed,
and an array substrate 11 on which a switching active elemenf 4‘ for driving a pixel
electrode is formed. In Fig. 5, 1, 1' is a glass substrate, 2, 2' is 'av. transparent

electrode, 3, 3' is an orientation layer, 7 is a spacer and 9 is seal member.

[Means for Solving the Problem]

Recently, as the liquid crystal is being apblied to the fields using .a
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.conventional CRT, that is, the devices such as a large monitor, TV, and so forth,

performanceimproven%ént 6f a LCD apparatus ‘are being demanded more and
more. Especially, a medical application such as X-ray photo disblay, application of
the liquid crystal panel in Iniernet qommercial transactions are being progressed
and a high quality LCD péﬁel with high brightness and High precision in which thgr_e
arg no non-uniformity of _disblay has been demanded. But, a conventional LCD
panel has a shortcoming that hiéh brightness and high précision can not be:_
compatible because of shéding created due to a black matrix formed on the color
filter. Further, sufficient performance can not be exhibitéd in séid applicatio'ﬁs since
the ﬁon—uniform display is generated since the beads spacer used fér panel gap

control infiltrates into a color filter layer.

Under these circumstances, an attempt is béing made to form a flat résin
layer, and a color filter pattern on a TFT array substrate on which a switchi’ng active
element for driving a pixel electrode ?s formed. Further, a brisk attempt is being
made to form a cylinder-shaped resin pattern for forming a panel gap ih advance
on. an opbosing substrate suéh as a TFT array substrate on which a switching

active element for driving a pixel electrode, or a color filter substrate.

But, in the panel formed by combining these two technology, it is proved

that fine non-uniformity of display is generated.
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As a result of reviewing in order to solve this problem, it is turned out that

non-uniformity of display is generated due to following reasons.

That problem is due to non-uniformity of a gap created by peeling off of a

cyIinder-shaped resin pattern .

Accordingly, the object of the present invention is to provide a LCD
apparatus and manufacturing method thereof, and an image dis’blay applicatifm
device which improves adhesion of a cylinder-shaped resin pattern, prevents short "
problems between upper and lower sdbstrates in case of bonding, and securing

conduction state between a switching active element and a pixel electrode..

In order to solve above-mentioned problems, in a LCD apparatus set forth
in the claim 1, wherein a resin layer is formed on a TFT array substrate on which a

switching active element for driving a pixel electrode, the switching active element

are contacted to a contact hole formed on the resin layer with the contact hole

formed on the resin layer being éandwiched therebetweén, liquid crystal is injected
intb a panel gap between the_ TFT array substrafg and an opposing faciné the TFT
array substraté, and the panel gap is séaled; is characterized in that the cylinder-
shaped resin pattern having conductivity for forming the panel gap is formed on
thé contact hole, and the pixel electrode is formed is in contact with the cylinder-

shaped resin pattem.

n



10

15

In this way, since the cylinder-shabed resin battern having conductivity for
forming the panel gap ié formed on the contact Ahole,' and the pixel electrode is
forfned is in contact with the cylinder-shaped resin pattern, it is possible to form a
pixel eiectrode after forming‘a cylinder-shaped resin pattern having conductivity
arp_und the contact holg. Cbnsequently,' the adhesion of the cylinder-shaped resin
pattern is improved by preventing peeling off of the cylinder-shaped resin pattern, -
the contact problems between a sWitching active element and a ﬁixel electrode are -
reduced, surface faulting of a substrate is reduced andAdistu‘rbance of liquid crystal

orientation due to faulting is prevented.

A LCD apparatus of TFT array type set forth in the claim 2, in the claim 1,
an opposing electrode is formed on the opposing substrate, and a surface of the
cylinder-shaped resin pattern is coated by insulating, thereby insulating the

opposing electrode.

In this way, since an opposing electrode is formed on the opposing
substrate, and a surface of the cylinder—shaped»resin pattemn is coated by insulating,
thereby insulating the oppdsing electrode, it is possible to suppress the éhort
problems between upper and lower substratés when a panel bonding by covering

the surface of thé cylinder-shaped resin pattern having conductivity with a resin

_layer having no conductivity.

11
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A LCD apparatus of TFT _arfay type set forth in the claim 3, in the claim 2,

the resin layer is a color filter pattern, and a surface of the cylinder-shaped resin

pattern is covered with a plurality of color layers of monochrome forming a color

filter pattern.

In this way, since the resin layer is a color filter pattern, and a surface of the

cylinder-shaped resin pattern is covered with' a plurality of color Iayers of

monochrome for forming a color filter pattern, it is possible to suppress the short -
problems between upper and lower substrates, and exhibit more excellent display

performances.

ALCD apparatus of TFT array type set forth in the claim 4, in the claim 3,
the lower limit of volume specific resistance value for forming the color filter
pattern is 108Q/cm. In this way, since the lower limit of volume specific resistance

value for forming the color filter pattern is 108Q/cm, it'is possible to suppress the

“short problems between upper and lower substrates, and exhibit more excellent

display performances. '

A LCD apparatus of TFT array type set forth in the claim 5, in the claim 1,
the pixel electrode is not superimposed on the surface of the cylinder-shaped resin
pattern and is not superimposed on the side of the cylinder-shaped resin pattern. In

this way, since the pixel electrode is not superimposed on the surface of the

49
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cylinder-shaped resin pattern and is not superimposed on the side of the cylinder-

- shaped resin pattern, to suppress the short problems-between upper and lower

substrates, and thereby enabling the switching active element and ‘the pixel

electrode to be in conduction sfafe.

A LCD apparatus of TFT array type set forth in the claim 6, in the claim 1,

the lower limit of (a diameter: of bottom side of the cylinder-shaped resin pattern, or

a distance of a diagonal line) - (a diameter of a surface of the cylindér-sha‘ped resin
pattern, or distance of diagonal line) is 5 ym. In this'way, since the lower limit of (the
diameter of bottom side of the cylindér-shaped resiﬁ patte?n, or distance of
diagbnal line) - (the diameter of a surface of the cylinder-shaped resin pattern, or
distance of diagonal line) is 5 pym, it enables the switching active element and the

pixel electrode to be in conduction state.

ALCD apparatus of TFT array typé set forth in the claim 7, in any one of the
claim 1-6, orientation process is performed by optical orientation. In this way,
orientation process performed by optical orientation can be applied to LCD

apparatus.

A manufacturing method of LCD apparatus set forth in the claim 8 is
characterized in that a resin layer is formed on a TFT array substrate on which a

switching active element for driving a pixel electrode is formed, a. panel gap

12
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between the TFT array substrate and an opposing facing the TFT array substrate is

formed as a resin having conductivity on the contact hole formed on the resin layer,

" a surface of the cylinder-shaped resin pattern is coated by insulating, a pixel

electrode is formed, and the switching active element and the pixel electrode are

contacted with the cylinder-shaped resin pattern is sandwiched therebetween.

In this way, since a panel gap between the TFT array substrate and an

opposing facing the TFT array substrate is formed as a resin having conductivity on

the contact hole formed on the resin layer, a surface of the cylinder-shaped resin

pattern is coated'by insulating, a pixel electrode is formed, and the switching active
element and the pixel electrode are contacted with the cyljﬁdeﬂshapéd resin
pattern. is sandwiched therebetween, the adhesion of the cylinder-shaped resin
pattgrn is improved by prevenﬁng peeling off of the cyiinder—shapea resin pattern,
the contact problems between a switching active element and a pixel electrode are
reduced, surface faulting of a substrate is reduced and disturbance of_ liquid Acry‘/stal-
érienta_tion due to faulting is prevented. In addition, it is possible to.suppre_sé the
short problems between upper and lower substrates when a panel bonding by
covering the surface of the cylinder-shaped resin pattern having condﬁctivity with a

resin layer having no conductivity.

A manufacturing method of a LCD apparatus set for th in the claim 9 is a

14
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manufacthring method of a LCD apparatus of a cblor filter on TFT array type,
wherein a color filter pattern is formed on a TF‘F array substrate on. which a
switching active element for driving a pixel electrode ‘is formed, and a pixel
electrbde is formed on the color filter pattern, comprises a step for forming a
cylinder-shaped resin pattérn for forming a panel gap between the TFT array

substrate and an opposing facing the TFT array substrate as a resin having -

'cohductivity, on the contact portion between the switching active element and the

pixel electrode, a step for a matrix pattern of an insulating shading resin so that it is
superimposed on the surface of the cylinder-shaped resin pattern and is not

superimposed on the side of the cylinder-shaped resin pattern, a step for forming a

color filter pattern by supplying coloring resist liquid to the portions except said

matrix pattern, and a step for contacting the switching active element and the pixel

electrode with the cylinder-shaped resin pattern being sandwiched therebetween.

In this way, a conduction between the switching active element and the pixel
electrode can be realized by forming a .co.nducting cylindef-shaped resin pattern
héving condgctivity and functioning as Aa space'r for controlling on the drain
electrode of a switching element. A matrix pattern for preventing a rr-\ixéd color of
adjacent color filter pattern is formed by an insulating shading resin layer. On thé
other hand, thg pattern shape of the insulating éhading resin is designed to be

superimposed on the upper side of a conductihg cylinder-shaped resin pattern, and

1R
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thereby prevention of a mixed color of a color filter pattern, prevention of a short
between upper and lower substrates when bonding the panels, and shading
protection of theAswitching active transistor can be realized. Therefore, it is possible

to prdduce LCD apparatus of a color filter on TFT array type.

A manufacturing mgthod of LCb apparatus set forth in the claim 10, in the
claim 9, the supplying method of coloring 'resist liquid is dropping Ametljod t;y a
syringe. In this way,. since the supplying method of coloring resist quuid is dropping
method by a syringe, it is possible to form a color filter on a TFT array substrate

with high efficiency.

A manufactufing method of LCD apparatus set forth in the claim 11, in the
claim 9, the supplying method of coloring resist liquid is an injection by liquid
dropping. In this way, since the supplying method of coloring résist liquid is an
injection by liquid dropping, it is possible to form a co_lorrﬂlter on a TFT array
substrate with high efficiency. In addition, in- injection of coloring resist liquid

dropping, a printer head can be used.

A manufacturing method of LCD abparatus set forth in the claim 12, in the

claim 9, the relationship, (the layer thickness of an insulating shading cylinder-

| shaped resin pattem) < (the layer thickness of the cylinder-shaped resin pattern) is

satisfied. In this way, since the relationship, (the layer thickness of an insulating

1
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shading cylinder-shaped resin pattern) < (the layer thickness of the cylinder-shaped
resin pattér'n) is satisfied, it is possible to contact between the switching active

element and the pixel electrode:

A manufacturing method of LCD apparatus set forth in the claim 13, in the

claim 9, the insulating shading cylindér—shaped resin pattern covers the switching

‘active element on the TFT array substrate. In this way, since the insulating shading

cylinder-shaped resin pattern covers the switching active element on the TFT array

substrate, shading protection of a transistor can be realized.

A manufacturing method of LCD apparatus set forth in the claim 14, the
lower limit of volume specific resistance value of the insulating shading cylinder-
shaped resin pattern is 108Q/cm. In the claim 9, since the lower limit of volume

specific resistance value of the insulating shading cylinder-shaped resin pattern is

108€Q/cm, the short problems between the electrodes can be prevented.

4 A manufacturing method of LCD apparatus set forth in the claim 15, in the
claim 9, the lower limit of OD volume specific resistance value of the insulating
shading cylinder-shaped resin pattern is above 2.0. In this way, since the lower limit
of OD value of the insulating shading cylinder-shaped resin pattern is above 2.0,
shading protection of a fransistor can be realized. OD value is an abbreviation of

optical density, and can be also called as optical concentration. That is, it means

17
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the transmissivity of light against a black portion such as a black matrix. As the

value is getting larger and larger, the light can not penetrate.

A manufactUring method of LCD apparatus set forth in the claim 16, tin the
clafm 9, the pixel electro'de‘ is not superimposed on the surface of the cylinder-
shaped resin pattern and is not superimposed on the side of the cylinder-shaped
resin pattern. In this way, siﬁce the pixel electrode is no; superimposed on fhe
surface of the cylinder-shaped resin pattern and is not superimposed on the side of
the cylinder-shaped resin pattern, a short problem between opposing substrates

ca'n be preventéd.

An image di»s.play application device set forth in the claim 17‘has a LCD
apparatus described in any one of the claim 1-7. In this. way, since a LCD apparatus
including the structure described as above is provided, the LCD apparatus is
suitable for an image display application device which requires high brightness,

high precision and uniformity of display.

“The first embodiment of the present invention will be explained by referring
to FIG. 1 and FIG. 2.FIG. 1 is a cross-sectional diagram of LCD apparatus

according to the first embodiment of the present invention.

As is shown in FIG. 1, in this LCD apparatus, a switching active element 4

for driving a pixel electrode is formed, orientation process is applied to a substrate .

402
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14 by a color filter on-array substrate 13 on which a Eolor ﬁ'lter pattern(resin layer) 5
and é black matrix 6 are‘formed, acellgapis conﬁolled by a cylinder-shaped résin
paﬁern 17 arranged with a predetermined» density, two substrétes subject to the
orientation process are bondéd with a sealing member 9, ahd liquid crystal 8 is

sealed with a sealing member 9.

Further, the switching activg element 4 are contacted to.a pikel electrode(a'
trahsparent electrode 2) arranged on the color filter pattern 5 with a contact hole 12
formed on the color filter pattern 5 being sandwiched thére_between;A cylinder-
shaped resin pattern 17 forming a panél gap between the TFT array substrate 13
aﬁd an'opposing substrate 14 facing the TFT array substrate is formed as a resin
having conductivity on the contact hole 12, a surface of the cylinder-shaped resin
pattern 17 is coated by insulating, and the pixel eléctrpde are contacted ;/vith ‘the
cylinder-shaped resin pattern 17. In this case, since a cylinder-shaped resfn pattern
17 is formed on the contact hole 12, a plurality of color layers of monochrome for
Aform'ing a color filter pattern 5 are formed on a surface of the cylinder—shaped'resin
pattern 17. In the drawing, 2 2' is a transparent electrode, and some parts of them
are superimposed on the side of the cyIinder-shapea resin pattern 17. 1, 1.' is a

glass substrate, and 3, 3' is an orientation layer.

Further, (the volume specific resistance value of the cylinder-shaped resin

410
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pattern for forminé a célor filter pattern) is above 108Q/cm. (The diameter of bottom
side of the cylinder-shaped resin pattern, or distance: ofA diagonal line) - (the
diameter of a sufface of the cylinder-shaped resin pattern, or distance of diagbnal
line) i.s above 5 ym. The bottom of the cylinder-shaped resin pattern 17 means the

bottom of a cone on the contact hole 17.-
Next, a manufacturing method of a LCD apparatus will be explained. .

A LCD apparatus of TFT array type, a color filter patter 5 is formed ona TFT
array substrate 13. A cylinder-shaped reéin pattern 17 is formed as a qonducting
resin on the contact hole 12 formed on the color filter pattern 5. A surface of the
cylinder-shaped resin pattern 17 is coated 'by insulating. A pixel electrode 2 is
formed on a color ﬁlfer pattern 5, the pixel electrode 2 and a s_witchihg active
element 4 are contacted with the .cylinder-shaped resin péttern 17 being

sandwiched therebetween.

At this time, the fact that (a lower bottom of thé cylinder-shaped resin
pattern) - (un upper bottom) is set to above_5pm ié explained as follows. F!Gﬁ 2(a)is
a plane drawing of the cylinder-shaped 'resin pattern, (b) is a cross-sectional
drawing. In case that (a lower bottom of the cylinder-shaped resin pattern) - (un
uppér bottom) is set to above 5pm, the pixel electrode 12 is not sup'erim‘posed on

the cylinder-shaped resin pattern 17, and is superimposed on the side of the resin

m
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patter due to a positional difference created when forming an ITO pattern. Since it

is necessary to provide a margin width corresponding to the positional difference,

5um is designated. That is, a layer forming sequence is composed of a step for

forming a cylinder-shaped résin pattern 17, a step fo; forming a color ﬁlter
patte_rn(an insulating patternA), and a step for forming a transparent electrode pattern
sequentially, as described above. Further, the design conditions of a pixel electrode -
pattern are as follows. That is, the battern is designed to be superimposed on the -
side of a cylinder-shaped resin pattern 17 to secure conductivity, and is designed
not to be superimposed on the color filter pattern(insuléting coat) for covering the
cylinder-shaped resin pattern 17 to prevent a short between an opposing panel and

the pattern when forming a panel.

Accordingly, the fact that (the diameter of bottom side of the cylinder-
shaped resin pattern, or distance of diagonal line) - (the diameter of a surface of
the cylinder-shaped resin pattern, or distance of diagonal line) is above 5 um. is as

follows.

The position precision when forming a pattern the design dimension +
1um(A limit of ITO patterning precision) is taken into consideration. In connection

the design pattern, a positional alignment margin of + 2um is required. Therefore, if

‘the difference between the upper and lower bottom of the cylinder-shaped resin

21
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pattern 17 is not Sum, it is impossible to design an ITO pattern.

The second embodiment of the present invention will be explained with

: réferring to FIG. 3 and FIG. 4.

FIG. 3 is a cross-section of one example of a LCD apparatus according to
the second embodiment of the present invention. An-orientation substrate 14 is

processed by orientation prdcess on a color filter on-array substrate on 13 of TFT

array substrate which a color filter pattern 5 and a black matrix 6 are formed. A cell

gap is éontrolled by a cylinder-shapéd resin pattern 17 afranged with a
prédetermined density, two substrates subject to the orientation_ prqceés arel
bonded with a sealiﬁg m‘ember 9, and quuibd crystal 8 is sealed with a sealing
member 9. A cylinder-shaped resin pattern 17 is formed on the drain .electrode 12,

a black matrix pattern is formed on the surface. 2, 2' in thé drawing are a

- transparent electrode which is fofmed to be superimposed on the cylinder-shaped

resin pattern 17.

FIG. 4 is a procéss flow of manufacturihg method of a LCD apparatus
according to the. second embodiment ofi the present invention. A conducting
cylinder-shapea resin pattern 17 is formed on a drain electrode of TFT substrate 15
(AFIG 4(a)). Then, A black matrix pattern is formed. At this time, some parts of the

patterh 6 is designe‘d to be superimposed on the cylinder-shaped resin pattemn 17

29
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(FIG. 4(b)). A coloring resist liquid 16 is dropped.into a concave portion surrounded
with the black matrix pattérn 6 by a syringe 123;, thereby forming a color filter
pattern(FlG. 4(c)). Subsequently, a transparent electrode 2(a pixel electrode) is
formed not fo be superimposéd on the surface of the cylinder-shaped resin pattern
17 and to be superimposed on a side of the cylinder-shap}ed resin pattern 17(FIG.

4(d)), thereby a color filter on-array substrate is obtained.

Recently, a method for forming a color filter by dropping a coloring resist
liquid into a concave portion surrounded with the black matﬁx pattern by a syringe
having a fine inner diameter, or injecﬁng fine liquid drops of coloring resiét liquid
into concave portion in order to reduce the cost of LCD panel is drawing a keen

attention.

But, there was a problem that it was difficult to form a contact hole for
enabling the switchingv active element and the pixel electrode to be conductive

when forming a LCD panel of a.colr filter on TFT array by above method.

Like this embodiment, a conduction between the switching active element 4

and the pixel electrode 2 can be realized by forming a conducting cylihder—shaped

‘ ‘resin pattern 17 having conductivity and functioning as a spacer for controlling a

panel gap on the drain electrode 12 of a switching element 4 without forming a

contact hole. A matrix pattern for preventing a mixed color of adjacent color filter

27
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pattern is formed by an insulating shading resin layer. On the other hand, the

pattern shape of the insulating shading resin is designed to be superimposed on

‘the upper side of a conducting cylinder-shaped resin pattern, and thereby

prevention of a mixed color of a color filter pattern, prevention of a short between
upper and lower substrates when bonding the panels, and shading protection of the

switching active ftransistor 4 can be realized without 'in'creasing the

process. Therefore, it is possible to produce LCD apparatus of a color filter on TFT .

array type.

[Embodiment of the Invention]
The first embodiment of the present invention will be explained.

‘A conducting cylinder-shaped resin pattern(NN700, JSR Corp. a conducting
silver filler is added) for forming a panel gap is formed on the contact hole. At this
time, the pattern is designed such that (the diagonal distance of a bottom side of

the cylinder-shaped resin pattern) - (the diagonal distance of a surface of the

-cylinder-shaped resin pattern) is 5prﬁ. Next, a black matrix is used by using a black

photo-sensitive resin(CK-S699B, Whusi Film Allin Corp. the volume specific
resistance 1.0x1014Q/m). Then, a color resist(CM7000, Whusi Film Allin Corp. the
volume specific resistance 1.0x1014Q/m) is formed by coating by a spin-coat

method, exposing and developing, thereby forming a color filter pattern. At this time,

24
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a blue pattern of a color filter is designed to be Aimposed on a surface of the
cylinder-shéped resin paftem. A pixel ITO electrodé pattern is formed by depo.siti.on
in order not to be superirﬁposed on a _surface of the cylinAdver-shaped resin
pattern. Further, after an oriéhtation layer pattern is formed and the orientation
process is performed by rubbing, a vacant cell is formed by bonding the opposing
color filter substrate for which same orientation process is performed with the seal -
resin. After injecting liquid crystal inio the vacant cell by a vacuurﬁ injection method, -
a quuid‘ cfystal p‘anelAis formed by sealing the inlet. Thg nonéuniformity of the liquid
cr;iStal panel is observed by human eyes. High-quality display can be realized in

which there are no non-uniformity of display and smear.
The second embodiment of the present invention will be explained.

A conducting cylinder-shaped resin pattern(NN700, JSR Corp. a conducting
silver filler is added) for forming a panel gap is formed on the contact hole. At this
time, the pattern is designed such that (the diagonal distance of a bottom side of
tﬁe cylinder-shaped resin péttern) - (the diagonal distance of a surface of the
cylirider-shapeq resin pattern) is 5um. Next, a black matrix is used by using a black
photo-sensitive resin(CFPR-708 S, Tokyo Ungwha Corp. the volume speciﬁc
resistance 1.0x1014Q/m). At this time, a black matrix pattern is designed to be

superimposed on a surface of the cylinder-shaped resin pattemn. Then, a color
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resist(CM7000, Whusi Film Allin Corp. the volume specific resistance
1‘.0><1014Q/m) is formed by coating by a spin-coat method, exposing and

developing, thereby forming a color filter pattern. A pixel ITO electrode pattern is

formed by deposition in order not to be superimposed on a surface of the cylinder-

shaped resin pattern. Further, after an orientation layer pattern is formed and the
or_ientation process is performt—;d by rubbing, a vacant cell is formed by bonding the
opposing color filter substrate for which same orientation 'process is performed with
the seal resin. After injecting liquid crystal into the vacant cell by a vacuum injection
méthod, a liquid crystal panél is formed by sealing the inlet. The non-uniformity of
the liquid crystal panel is observed by human eyes. High-quality display can be

realized in which there are no non-uniformity of display and smear.
The third embodiment of the preSent invention will be explained. _

A conducting cylinder-shaped res.in pattern with the thickness of
5um(NN700, JSR Corp. a conducting silver filler is added):for forming a panel gap
is formed on the drain electrode of a TFT array substrgte. Next, a black métﬁx with
the thickness 3pm and OD of 3.0 is used by using a black phbto—sensitive resin(CK-
S$6998; Whusi Film Allin Corp. ihe volume specific resistance 1.0x1014Q/m). At
this time, a black matrix pattemn is designed to be superimposed on a surface of the

cylinder-shaped resin pattern and is designed not to be superimposed on the side
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of the cylinder-shaped resin pattern. Then, a color resist(CM?OOd, Whusi Fil.m AI_Iin
Corp. the volume specific resistance 1.0MOi40/?n) is dropped into a concave
porﬁon surrounded with the black matrix pattern by a syringe, thereby forming a
color filter pattern having a tﬁiékness of 1pum. A pixel electrode is formed to be
superimposed on the surfac-e of the cyli’nder-shap'ed resin pattern and not to be
superimposed on a side of the cylinder-shaped resin pattern by a ‘
deposition. Further, after an orientation layer pattern is formed a.nd the orientation

process is performed by rubbing, a vacant cell is formed by‘bonding the opposing

‘color filter substrate for which same orientation process is performed with the seal

resin. After injecting liquid crystal into the vacant cell by a vacuum injection method,
a liquid crystal panel is formed by sealing the inlet. The non-uniformity of the liquid
crystal panel is observed by human eyes. High-quality display can be realized in

which there are no non-uniformity of display and smear.
The fourth embodiment of the present invention will be explained.

A conducting cylinder-shaped resin pattérn with the thickness of
5.3um(NN700, JSR Corp. a conducting silver filler is added) for forming a panel
gap is formed on the drain electrode of a TFT array substrate. Next, a black matrix
with the thickness 0.7pum and OD of of 2.0 is used by using a black photo-sensitive

resin(CK-S699B, Whusi Film Allin Corp. the volume specific resistance

7



10

15

1.'QX10'1 4Q/m). At this time, a black matrix péttern is designed to be superimposed
on a surface of the cylinder-shaped resin pattern and is desi'gned not to 'be '
superimposed on the side of the cylinder-shaped resin pattern. Then, a color
resist(CM7000, Whusi Film Allin Corp. the volume specific resistance
1.0x1014Q/m) is droppéd into a concave portion surfounded with the black matrix
pattern by a syringe, thereby f_orming a color filter pattern‘having a thickness of

1um. A pixel electrode is formed not to be superimposed on the surface of the

cylinder-shaped resin pattern and to be superimposed on a side of the cylinder-

| shaped resin pattern by a deposition. Further, after an orientation layer pattern is

formed and the orientation process is performed by rubbing, a vacant cell is fbrmed
by bonding the opposing color filter substrate for which same orientation process is
performéd with the seal resin._After injecting liquid cryétal into the vacant cell by a
vacuum injection method, a liquid crystal panel is formed by sealing the inlet. The
non-uniformity of the liquid crystai panel ig observed by human eyes. High-qUaIity_

display can be realized in which there are no non-uniformity of display and smear.
The fifth embodiment of the present invention will be explained.

A conducting cylinder-shaped resin pattem with the thickness - of
5.0um(NN700, JSR Corp. a conductihg silver filler is added) for forming a panel

gap is formed on the drain electrode of a TFT array substrate. Next,ba black matrix
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with the thickness 1.0pm and OD of 3.0 is used by using a black photo-sensitive
resin (CFPR-?OS S, Tpkyo Ungwha Corp. 'thé yolume specific resistance
1.0><1014Q/m). At this time, a black matrix pattern is designed to be superimposed
on a surface of the cyIindef—shgped :resin pattern formed in advance and is
designed not to be supeﬁmposed on the side of thev cylinder-shaped- resin
péttern. Then, a color resist (CM7000, Whusi Film Allin Corp. the volume specific

resistance 1.0x1014(/m) is dropped into a concave portion surrounded with ‘the '

- black matrix pattern by a syringe, thereby forming a color filter pattern having.a

thickness of 1um. A pixel electrode ITO is formed not tb be superimposed on the
surface of the cylinder-shéped resin pattern and to be superimposed oﬁ a side of
the cylinder-shaped resin pattern by é deposition. Further, after an orientation layer
pattefn is formed and the o'rientation- ‘process is perforfned by rubbing, a vacént céll
is formed by bondfng the opposing color filter substrate for which same oriéntation
process is performéd with t_he seal resin. Aﬁer injecting liquid crystal into the vacant
ééll by a vacuum injection method, a liquid crystal panel is formed by sealing the-
inlet. The nbn-uniformity of the liquid crystal panel is observed by human

eyes. High-quality display can be realized in which there are no non-uniformity of

-display and smear.

The sixth embodiment of the present invention will be explained.
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A conducting cylinder-shaped resin pattern with the thickness of

5um(NN700, JSR Corp. a conducting silver filler is added) for forming a panel gap

-is formed on the drain electrode of a TFT array substrate. Next, a black matrix with

the thickness 1.0pm and OD of 3.0 is used by using a black bhoto-s_ensitive resin
(CK-S699B, Whusi Film  Allin Corp.~ the volume specific resistance

1.0x10140Q/m). At this time, a black matrix pattern is designed to be superimposed

on a surface of the cylinder-shaped resin pattern formed in advance and is

designed not to be superimposed on the side of the cylinder-shaped resin
pattern. Then, a color resist(CM7000, Whusi Film Allin Corp. the volume specific
resistance 1.0x1014Q/m) is injected into a concave portion surrounded with the
black matrix pattern by a printer head which are being sold in the market, thereby
forming a color filter pattern having a thickness of 1um. A pixel electrode is formed

not to be superimposed on the surface of the cylinder-shaped resin pattern and to

‘be superimposed on a side of the cylinder-shaped resin pattern by a '

' deposition. Further, after an orientation layer pattern is formed and the orientation

process is performed by rubbing, a vacant cell is formed by bonding the opposing

color filter substrate for which same orientation process is performed with the seal -

"resin. After injecting liquid crystal into the vacant cell by a vacuum injection method,

a liquid crystal panel is formed by sealing the inlet. The non-uhiformity of the liquid

crystal panél is observed by human eyes. High-quality display can be realized in
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which there are no non-uniformity of display and smear.
A comparison example 1 of the present invention will be explained.

. A conducting cylinder-shaped resin pattern(NN700, JSR Corp. a conducting

silver filler is added) for forming a panel gap is formed on the contact hole. At this

time, the pattern is designed such that (the diagonal distance of a bottom side of

the cylinder-shaped resin pattern) - (the diagonal distance of a surface of the

cylinder—shaped resin pattern) is 5um. Next, a black matrix is used by using a black

‘photo-sensitive resin(CK—S1_71C, Whusi Film Allin Corp. the'Vblumé. specific

resistance 1.0x1014Q/m). At this time, a black matrix is designed to be imposed‘ on
a surface of the cylinder-shaped resin pattern. Then, a color resist(CM?OOO, Whusi
Film Allin Corp.} the volume specific resistance 1.0x101 4Q/m) is formed by coating
by a spin-coat method, exposiné and developing, thereby forming a color filter
pattern. A pixel ITO 'electrode patternAis formed by ‘deposition in order not to be
superimposed on a surface of the cylinder-shaped resin pattern. Further, after an
orientation layer pattern is formed and the orientation process is performed by
rubbing, a vacant cell is formed by bonding the oppqsirjg color ﬁlter substrate for
which same orientation process is perforrﬁed with the seal resin. After injecting
liquid crystal into the vacant cell by a vacuum injection method, a liquid crystal

panel is formed by sealing the inlet. The non-uniformity of the liquid crystal panel is
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observed by hluma_nA eyes. Non-uniformity of display and light leakage are

generated due to a short between upper and lower substrates.
A comparison example 2 of the present invention will be explained.

A conducting cylinder-shaped resin pattern (NN700, JSR Corp. a
conducting silver filler is added) for fdrming a panel gap is formed on the contact

hole. At this time, the pattern is designed such that (the diagonal distance of a

_ bottom side of the cylinder-shaped resin pattern) - (the diagonal distance of a

surface of the cylinder-shaped resin pattern) is 4um. Next, a black matrix is used by

using a black photo-sensitive resin (CKGQQB, Whusi Film Allin Corp. the volume

specific resistance 1.0x1014Q/m). Then, a color resist (CM7000, Whusi Filrh Allin

Corp. the volume specific resistance 1.0x1014Q/m) is formed by coating by a spih-

coat method, exposing and developing, thereby forming a color filter pattern. At this

time, a blue pattern is designed to be superimposed on a surface of the cylinder-

shaped resin pattern. A pixel ITQ electrode pattern is formed by deposition in order

not to be superimposed on a surface of the cylinder-shaped resin patterr-\." Further,
after an orientation layer pattern is formed and the orientation process is performed
by rubbing, a vacant cell is formed by bonding the opposing color filter substrate for

which same orientation process is performed with the seal resin. After injecting

liquid crystal into the vacant cell by a vacuum injection method, a liquid crystal

29



10

15

20

panel is formed by sealing the inlet. The non-uniformity of the liquid crystal panel is
observed by human eyes. A number of smears can be found due to a contact

defect of a pixel electrode.

A comparison example 3 of the present invention will be explained. A

-conducting cyiinder—shaped resin pattern with the thickness of 5uym (NN700, JSR

Corp. a conducting silver filler is added) for forming a panel gap is formed on thé
contact hole. At this time, the pattern is designed such that (the diagonal distance of
a bottom side of the cylinder-shaped resin pattern) - (the diagonal distance of a

surface of the cylinder-shaped resin pattern) is 5um. Next, a black matrix is used by

“using a black photo-sehsitive resin (CK699B, Whusi Film Allin Corp. the volume

specific resistance 1.0x1014Q/m). Then, a color resist (CM7000, Whusi I::ilm Allin
Corp. the volume specific resistance 1.0x101 40/m) .is formed by coating by a épin-
coat method, exposing and developing; 'thAereby forrﬁihg a color ﬁlter paﬁérn. At this
time, a black matrix pattern and a color filter pattern are designed not to be
supérimposed on a surface of the cylinder-shaped resin pattern. A pixel ITO
electrode pattern is formed by deposition in order not to be superimposed on a
surface of the cylinder-shaped resin pattern. Further, after an orientation layer
pattern is formed and the orientation process is performed by rubbing, a vacant cell
is formed by bonding the opposing color filter substrate for which same orientation

process is performed with the seal resin. After-injecting liquid crystal into the vacant
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cell by a vacuum injection method, a liquid crystal panel is formed by sealing the
inlet. The non-uniformity of the liquid crystal panel is observed by human
eyes. Non-uniformity of display and light leakage are generated due to a short

between upper and lower substrates.

A comparison example 4 of the present invention will be explained. A
conducting cylinder—shabe‘d resin pattern with the thickness of 2pm (NN700, JSR
Corp. a conducting silver filler is added) for forming a panel gap is formed on the
dréi_n electrode of a TFT array substrate. Next, a black matrix having a thickness of
3.0um and OD<4.0 is used by using a black photo-sensitive resin (CK699B, Whusi
Film Allin Corp. the volume specific resistance 1.0x1014Q/m). At this time, a black
matrix -pattern and a color filter pattern are designed to be superimposed on a
surface of the cylinder-shaped resin pattern forrﬁed in advance, and designed not
to be superimposed on a side of the cylinder-shaped resin pattern. Then, a color
resist (CM7000, Whusi Film Allin Corp. the volume specific resisténce
1.0x1014Q/m) is dropped into a concave portion surroundéd with the black matrix

pattern by a syringe, thereby forming a color ﬁltef pattern having a thickness of

_1um. A pixel ITO electrode pattern is formed by deposition in order not to be

superimposed on a surface of the cylinder-shaped resin pattern, and to be

superimposed on a side of the cylinder-shaped resin pattern. Further, after an

orientation layer pattern is formed and the orientation process is performed by
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rubbing, a vacant cell is formed by bonding the opposing color filter subétrate for
whicﬁ samé orientation process is performed With the seal resin. After injecting
liquid crystal into the vacént cell by a vacuum injection method, a liquid crystal
panel is formed by sealing ihe inlet. In the produc_ed liquid crystal panel, since_ a
drain electrode and a pixel electrode are not conducting dué to coloring resist
remaining layer which is attached on the side of the resin layer, lighting can not be-

realized.
A compariosn example 5 of the present invention will be explained.

A conducting cylinder-shaped resin pattern with the thickness of 5.4um

"(NNYOO,'JSR Corp. a conducting silver filler is added) for forming a panel gap is

formed on fhe drain electrode .of a TFT array subst_rate. Next, a black matrix with
the thickness 0.6um and OD of 1.8 is formed by using a black photo-sensirtive resin
(CK-S699B, Whusi " Film  Allin Cbrp. the vblume specific resistance
1.0x1014/m). At this time, a black matrix pattern is designéd to be superimpo-sed
on a surface of the cylinder-shaped resin pattern.formed in advance énd is
designed not to be superimposed on the side of the.cylinder-shaped resin
pattern. 1;hen. a color resist (CM7000, Whuéi Film Allin Corp. the volume speciﬁc'
resistance 1.0x1014Q/m) is dropped into a concave portion surrounded with the

black matrix pattern by a syringe, thereby forming a color filter pattern having a
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thivckness of 1um. A pixel ITO electrode pattern is formed not to be superimposed
on the surface of the cylinder-shaped resin pattern and to bé superimposed on a
side of the cyﬁnder—shaped resin pattern by a Vdeposition. Further, after an
orientation layer pattern is formed and the orientation process is performed by
rubbing, a vacant cell is formed by bohding the opposing color filter substrate for
which same orientation process is performed with ihe seai resin. After injecting
liquid crystal into the vacant cell by a vacuum injection method, a Ii‘quid crystal
panel is formed by sealing the inlet. The non-uniformity of the liquid crystal panel is
obéerved by human eyes. A deterioration of contrast property generated due to the

light leakage in case of "off" display can be observed.
A comparison example 6 of the present invention will be explained.

-A conducting cylinder-shaped resin pattern with the thiékness of 5.4pum
(NN700, JSR Corp. a conducting silver filler is added) for fdrming a panel gap is
formed on the drain electrode of a TFT array substrate. Next, a black matr_ixv with
the thickness 1.0pm and OD of 3.0 is formed by usiﬁg a black photo-sensitive resin
(CK-S171C, Whusi Film Allin Corp. the volume specific resistance
1.0x1014Q/m). At this time, a black matrix pattern is designed to be superimposed
on a surface of the cylinder-shaped resin pattern formed in advance and is

designed not to be superimposed on the side of the cylinder-shaped resin
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pattern. Then, a color resist (CM7000, Whusi Film Allin Corp. the volume specific

resistance 1.0x1014Q/m) is dropped into a concave'pbrtion surrounded with the

black rhatrix pattern by a syringe, thereby forming a 'Color filter pattérn having a
thickness of 1um. A pixel IT-OAeIectr‘ode pattern is formed not to be superimposed
on the surface of the cyl'i‘n.der-shaped resin pattern and to be superimposed on a
side of the cylinder-shaped resin pattern by a deposition. Fu‘r'ther,. after an
orientation layer péttem is formed and the orientation process is performed by
rpbbing, a vacént cell is formed by bonding the opposing 'color ﬁl;er substrate for
which same orientation process is pefformed with the seai resir"a.'After-vinjecting '
quﬁid cryStal into the vacant cell by a vacuum injection method,A a liquid crystal
panel is formed by sealing the inlet. The non-uniformity of the liquid crystal panel is
observed by human eyes; A high-quality display can not be reélized due té a short
between the electrodes.

Further, the present invention can be applied to a LCD apparatus of TN type

and IPS type. In addition, an orientation process is performed by optical orientation

(rubbingless : orientation is not performed by a mechanical means).

Further, if theres are lots of spacers of the cylindér-shaped resin patterh(per

unit space), Iow—temperature foams are generated, and if not, there is a problem in

-terms of a display perfon;mance because of a gap change created due to
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temperature change. Therefore, in connection with the number of a spacer of the

cylinder-shaped resin pattern, optimum value is set according to a liquid crystal

“material, a spacer material or structure of a liquid crystal panel. It is designed such

that the optimum value can be found throngh an experiment or a simulation.

Further, an image display application device can be formed by using a LCD

apparatus having above-mentioned structure.

[Effect of the Invention]

Accord_ing to a .LCD apparatus d(_ascribed in the claim 1 of the present
invention, a cylinder-shaped resin pattern for forming the panel gap is formed on
the contact hole as a resin having conductivity, a surface of the cylinder-shaped
resin pattern is coated by insulating, and the pixel electrode is formed in the vicinity.

of the cylinder-shaped resin pattern. Therefore, it is possible to form a pixel

‘ electrode after forming a cylinder-shaped resin pattern having conductivity around

the contact hoIe._Conséquently, the ad.hegion of the cylinder-shaped resin .pattern is.
improved by pre_ven.ting peeling off of the cylinder-shaped resin pattern, the contact
problems between a switching active element and a pixel electrode are reduced,
surface faulting of a substrate is reduced and disturbance of liquid crystal
orientation due to faulting is prevented. Because of those effects., a high-quality

display having no non-uniformity can be realized.
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In the claim 2, since a surface of the cylinder-shaped resin paftern is coated
by insulating, thereby insﬁlating the opposing eleétrode,' it is possible to sup_préss
the short problems between upper and lower substrates when a‘ panel bonding by
covering the. surface of the cYIiﬁder-shéped resin pattérn Having conductivity with a

resin layer having no cond'uctivity.A

In the claim 3, since the res_in layer is a color filter pattern, and a surface of
the cylinder-shaped resin pattern is covered with a plurality of color Iayérs of
monochrome for forming a color filter pattern, it is possible tb exhibit-more excellent
display performances without the shoft problems between upper an,d lower

substrates.

In the claim 4, since the lower limit of volume specific resistance value for

- forming the color filter pattern is 108Q/cm, it is possible to exhibit more excellent

display performances‘without the short problems between upper and lower

substrates.

In the c!aim 5,: since the pixel electrode is not superimposed on the surface
of thé cylinder—shapgd resin péttern and is superimposed on the side of the -
cylinder-shaped resin pattern, it-is possible to make the switching active element
and the pixel electrode to be in conduction state without the short problems

between upper and lower substrates.

0



10

15

In the claim 6, since the lower limit of (the diameter of bottom side of the

cylinder-shaped resin pattern, or distance of diagonal line) - (the diameter of a

surface of the cylinder-shaped resin' pattern, or distance of diagonal line) is 5 ym, it .

enables the switching active element and the pixel electrode to be in conduction

state.

In the claim 7, an orientation process performed by optical -orientation can

be applied to LCD apparatus,

According to the manufacturing method of LCD apparatus described in the

claim 8, since a panel gap between the TFT array substrate and an opposing facing

the TFT array substrate is formed as a resin having conductivity on the contact hole

formed on the resin layer, a surface of the cylinder-shaped resin péttern is coated
by insulating, a pixel electrode is forméd, and the switching acti\;e element and the
pixel électrode are contacted with the cylinder-shaped 'resih pattern is sandwiched
therebetween, the cylinder-shaped resin pattern can prevénts peeling off. Adhesion
of the substrates is improved, the contact problems between a switchihg active
element and a.pixél eléctrode are reduced, surface faulting of a substrate is
reduced and disturbgnce of liquid crystal orientation due to faulting is prevented.. In
addition, it is possible to suppress the short probiems between upper and lower

substrates when a panel bonding by covering the surface of the cylinder-shaped
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resin pattern having conductivity with a resin layer having no conductivity.

Accordi'ng toa manufacturing method of a LCD apparatus described in the
claim 9, a conduction between the switching active element and the pixel electrode

can be realized by forming a conducting .cylinder-shaped resin pattem having

conductivity and functioning as a spacer for controlling on the drain electrode of a

switching element. A matrix ‘pattern for preventing a mixed coloerf adjacent color
filter pattern is formed by an insulating shading resin layer. ‘On the Vother hand,‘ the
pattern shape of the insulating shading resin is designed té be superimposed on
the ’ubper side of a conducting cyﬁnder—shaped resin pattern, and tﬁereby
prevention of a mixed color of a color filter pattern, prevention of a short between
upper and lower substrates when bondin'g the panels, and shading protection of the
switching active transistor can be reélized. Therefore, .it is possible to produce LCD

apparatus of a color filter on TFT array ty;-)‘e.

In the claim 10, since the supplying method of colbring resist liquid is

'dropping method by a syringe, it is possible to form a color filter on a TFT array

substréte with high efficiency.

In the claim 11, since the supplying method of coloring resist liquid is an
injection by liquid dropping, it is possible to form a color filter on a TFT array

substrate with high efficiency. In addition, In injection of coloring resist liquid
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drppping, a printer head can be used.

In the claim 12, since the relationship, (the Iayér thickness of an insulating
éhading cylinder-shaped resin pattern) < (the layer thicknes_s of the cylinder-shaped
resin pattern) is satisfied, it is possible to contact the switching. active element and

the pixel electrode.

In the claim 13, since the insulating shading cylinder-shaped resin pattern

_ covers the switching active element on the TFT array substrate, a shading

protection of a transistor can be realized.

In the claim 14, since the lower limit of volume specific resistance value of
the insulating shading cylinder-shaped resin pattern is 108()/cm, the short problems

between the electrodes can be prevented.

In the clairﬁ 15, since fhe_ lower limit of OD valué of the insulating shading
éylinder—shaped resin pattern is above 2.0, shading protectiqn 6f a transistor can be
realized. OD value is an abbreviation of obtical density, and can be also called as
optical concentration. That is, ‘it means the transmissivity of light against a black
portion such as a black matrix. As the value is getting iarger and larger, the light

can not penetrate.

In the claim 16, since the pixel electrode is not superimposed on the surface

of the cylinder-shaped resin pattern and is superimposed on the side of the
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cylinder-shaped re§in pattérn, ashort problém betweén 6pposing substrates can be
prevented. |

According to an image display application deyic'e set forth in the claim 17,
since a LCD apparatus includiné the sfructure descfibed as above is provided, the

LCD apparatus is suitable for an image.display application device which requirs a

liquid crystal panel having high brightness, high precision and uniformity of display.
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[Description of Drawings] .

FIG. 1 is a cross-section of a LCD apparatus according to the first

embodiment of the present invention.

FIG. 2(a) is a plane drawing of a cylinder-shaped resin pattern, 2(b) is a

cross-sectional drawing.

FIG. 3 is a cross-section of a LCD apparatus according to the second

embodiment of the present invention.

FIG. 4.is a process flow of manufacturing method of a LCD apparatus

according to the second embodiment of the present invention.

FIG. 5 is a cross-section of a conventional LCD apparatus.
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